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Abstract
Physical possibility for bending the LHC protons (or ions) a huge angle of 1-
20 degrees in the energy range of 0.45 to 7 TeV by means of a bent
channeling crystal of Silicon or Germanium is demonstrated. Such an
application can be useful for calibration of CMS (or ATLAS) calorimeters in
situ by the LHC beam of precisely known energy. We show by simulations
that such an application would be feasible at the LHC, and report the
experience of IHEP Protvino in bending 70 GeV protons by 9 degrees (150
mrad) during 10 years in 1994-2004 experiments.
Introduction
Calibration of calorimeters manufactured for the CMS and ATLAS experiments of the
LHC is essential, however it is difficult and limited in value if done in the conditions
different from those foreseen for the actual work in the LHC: at very different energy, in
different magnetic field, on a different apparatus etc.
It would be ideal if such a calibration can be done in situ with LHC primary beam of
precisely known energy in the environment exactly the same as used for the actual work.
To realize this, one would need to bend the beam circulating in the LHC by a huge angle,
order of 1-10 degrees (17-170 mrad) [1]. Beam intensity as low as 1-1000 p/s would be
sufficient for calibration purposes.
Such a bending is possible indeed, but only by extreme, ~1000-Tesla-strong fields of
bent crystal. The technique of particle beam channeling by bent crystals is well
established at accelerators [2]. Broad experience is obtained with bent channeling crystals
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at IHEP, CERN SPS, Tevatron, and RHIC over recent decades [2-15]. For instance, bent
crystals are largely used for extraction of 70-GeV protons at IHEP (Protvino) [11-15]
with efficiency reaching 85% at intensity of 1012 particle per second, steered by silicon
crystal of just 2 mm in length [12]. Much of the IHEP physics program relies on crystal
channeled beams regularly used since 1989. Following the successful experiments on
crystal channeling in accelerator rings, there has been a strong interest to apply
channeling technique in a TeV-range collider for beam extraction or collimation [2-8,16-
18].
IHEP experiment on crystal bending of 70 GeV protons by 150 mrad
The possibility of beam bending by a channeling crystal through very large angles,
order of 100 mrad, was studied at Protvino. In 1994-2004 IHEP has operated a
channeling crystal 100 mm long to bend 70 GeV beam a huge angle of 150 mrad (9
degrees!) [19,20]. This was done with the purpose to organize over a short base a non-
traditional beam line. A 100 mm long Si (110) crystal deflected 106 proton/s beyond the
2-meter iron-concrete shield over 20 m base, out of about 1010 proton/s hitting the
crystal. The crystal efficiency was in agreement with calculation. The orientation-
independent component of the signal (background particles) did not exceed 3% of the
channeled beam. The scheme of 150-mrad crystal beam line operated at IHEP at 106
proton/s in 1994-2004 is shown in Figure 1.
This crystal beam line was used mostly for our studies of channeling. It consumed
practically no power and allowed one to work in parallel with other beam lines without
affecting other physical set-ups operation.
Besides this 150-mrad bent crystal used in 1994-2004, another example in IHEP
experience was an 85-mrad bent crystal used for extraction in 1989-1999 over 10 years
until a new crystal replaced it [2].
Simulations for the LHC beam bending by 1-20 degrees
In order to find out whether one can extrapolate the 70 GeV experience onto the LHC
case of much higher energy range, we performed Monte Carlo simulations applying the
code [21-23] used in many other channeling experiments [6-15]. Details of the theoretical
calculations can be found, e.g., in book [2].
Our preliminary study assumed a crystal of 50 cm size, which is a reasonable figure
available on the market in Russia and Europe. Earlier, IHEP has used up to 15 cm long Si
crystals for channeling.
An example of the calculation of efficient transmission of LHC beam with Silicon
crystal at the energies of 450 GeV (injection level in the LHC) and 1000 GeV is shown in
Figure 2. Respectively, bending angles up to about 7 and 11 degrees can be realized with
Si crystal at these energies.
Figure 2 Efficiency of the LHC proton beam bending with a single Si crystal 500
mm long as a function of the bending angle (degrees).
We have run computations for Silicon and Germanium crystals of 50 cm size and the
LHC energy range from injection, 450 GeV, through the top energy, 7 TeV. Some
preliminary results are shown on Figure 3 for the bending angle achievable with a single
Si crystal of 50 cm length as a function of the LHC beam
energy.
Figure 3 Bending angle achievable with a single Si crystal of 50 cm length as a
function of the LHC beam energy.
This opens the possibility for calibration of CMS (or ATLAS) HF and HE
calorimeters in situ by channeling the LHC protons of full energy range of 0.45 to 7 TeV
right into calorimeters, irradiating them cell by cell, with a crystal bent a very large angle,
~10 to 350 mrad, or 1 to 20 degrees.
In principle, the deflection angle of crystal can be varied in situ. Several approaches
were exploited at IHEP and CERN, for instance by N. Doble et al. at the SPS [2,].
The same technique can be used with heavy ions if they fill the LHC ring, or even
with positrons provided there would be a positron source filling into the LHC ring!
It is essential to notice that at the energies lower than 450 GeV, with the crystal of
reasonable length like 50 cm one can realize bending angles essentially bigger than even
20 degrees! In this case the LHC ring would have to be operated at a magnetic field lower
than in the injection regime provided that power supplies of magnets tolerate it.
Conclusion
Crystal channeling is a well established technique which has been exploited at IHEP
for decades. In particular, IHEP bent 70 GeV protons an angle of 9 degrees (150 mrad) at
the intensity of 106 proton/s over 10 years since 1994.
The CMS and ATLAS calorimeters can be calibrated in situ by channeling the LHC
primary protons of precisely known energy right into calorimeters, irradiating them cell
by cell with a crystal bent a very large angle, ~1 to 20 degrees and beyond, exploiting the
full energy range of 0.45 to 7 TeV. The same can be done with heavy ions, or even with
positrons provided the LHC ring stores these particles.
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